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（1）首次观察到 AA7075-T6 铝合金表面经过打磨后，在 NaCl 溶液中表面
发生的一种特殊的局部腐蚀现象，并首次提出“条纹腐蚀（Streaking Corrosion）”
的概念。 
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A novel technique for in situ corrosion research called Difference Viewer Imaging 
Technique (DVIT) was used to investigate the localized corrosion of aluminum alloys 
and copper for the first time in this thesis. It is an in situ, non-invasive technique 
displaying only the changes of morphology and color and their locations on materials 
surface in various environments, which is beyond the capability of the nowaday 
common in-situ imaging techniques. DVIT is a powerful technique for dynamic 
corrosion imaging, by continuously recording sequential, in situ optical images of the 
materials surface, and showing the differences between images through digital 
subtraction and multiplying the differences.  
 
AA7075 aluminum alloy has been applied in numerous fields such as aircrafts, 
automobiles and architectures because of its high strength and good electronic 
properties. However, in many environments it is susceptible to localized corrosion 
such as pitting and intergranular attack. The surface layer behavior of AA7075 
aluminum alloy in chloride solutions is of great interest. But it is difficult to directly 
observe the morphology and color changes taking place on surface during open circuit 
immersion in chloride solutions. In this work, we observed one special kind of 
localized corrosion on abraded AA7075-T6 aluminum alloy surface in chloride 
solutions, and we named it as “Streaking Corrosion” for the first time. The corrosion 
behaviors of streaking corrosion and its elimination methods were systemically 















(1) Streaking corrosion is one form of localized corrosion, which always happens in 
the streaks and develops along the grooves on abraded AA7075-T6 aluminum alloy in 
chloride solutions. 
(2)  The propagation of the streaking corrosion depends on the acidity ahead of the 
tip of the growing streak confined by the grooves. The linear velocity of streaking 
corrosion increases with the logarithm of the chloride concentration, except at the 
very high chloride concentration (5.0 M NaCl) where very low oxygen solubility in 
the concentrated solution may restrict cathodic currents and pronounce crevice 
corrosion. The area streaking corrosion rate decreases with chloride concentration 
when NaCl concentration is above 0.05 M, and shows a reasonable correlation with 
the concentration based on the changes in the dissolved oxygen concentration.   
(3) No visible streaking corrosion takes place on the surface of AA7075 below the 
open circuit potential (OCP) and the streaking corrosion begins only at and above 
OCP. The current peak in the first anodic polarization curve is associated with 
streaking corrosion. 
(4) Streaking corrosion can be removed by different surface treatments, including 
physical and chemical etching and electrochemical oxidation. 
(5) A model is proposed to describe the mechanism of initiation and propagation of 
the streaking corrosion. The concentration calculation indicates that the streaking 
corrosion propagates preferentially along the grooves for the abraded AA7075-T6 
aluminum alloy in chloride solutions. 
 
    Copper is considered as a suitable material for ultralarge-scale integration due to its 
high electrical conductivity and reasonable cost. However, copper is easily oxidized 
forming oxides which degrade its electrical and mechanical properties. To better 
understand the mechanisms of oxidation and reduction of copper, a combination of 
difference viewer imaging technique and x-ray absorption near edge structure was 
employed to in situ investigate the processes of copper oxidation and reduction. The 
main results are following: 
    (1) The growth rates of copper oxide in air depend on grain orientation. The 
electrochemical reduction of the air formed oxides in pH 10 borate solutions also 
shows different rates in different orientations. The reduction rates are non-uniform at 
local sites in the grains. It is proposed that oxide reduction still occurs below the 















sintering of dendrites formed during oxide reduction until the start of hydrogen 
evolution. 
    (2) Alterations in the red, green, and blue pixel intensity of DVIT are related to 
changes in the interference colors, and it can be used to assess the changes in 
thickness of the oxides on metals.  
    (3) X-ray Absorption Near Edge Structure (XANES) was used to in situ study the 
electrochemical reduction of thermally formed copper oxides in pH 10 borate 
solutions. It is found that CuO is partially reduced to Cu2O firstly, followed by the 
reduction of both CuO and Cu2O to Cu, and partial Cu remains the sample as Cu2O 
after the electrochemical reduction. 
(4) The reaction mechanisms of copper during electrochemical oxidation and 
reduction in pH 10 borate solutions were studied. It is indicated that the anodic current 
peaks in the polarization are corresponded sequentially to Cu2O formation, Cu 
dissolution, and both copper dissolution and CuO formation, and the cathodic current 
peaks are associated with reduction of CuO to Cu2O and Cu2O to Cu, respectively. 
(5) It is found that the reduction for the electrochemically formed oxide occurs at a 
more positive potential than that for the thermally formed oxide, by comparing the 
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2002 年公布的数据显示[1]，目前美国每年因腐蚀而导致的经济损失高达 2760 亿
美元，约占美国国民生产总值的 3.1%。在我国，腐蚀造成的经济损失也十分巨
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